Background: We described reasons for switching to second-line antiretroviral treatment (ART) and time to switch in HIV-infected children failing first-line ART in West Africa.
Introduction
According to the WHO, in 2012, more than 3 million children were living with HIV worldwide, 90% of whom live in sub-Saharan Africa [1] . Several studies have shown that early initiation of antiretroviral therapy (ART) irrespective of clinical, immunological or virological criteria leads to significant reductions in mortality and decreases disease progression [2] . International guidelines have been adjusted accordingly, and in 2010, early ART initiation was recommended to all HIV-infected children aged less than 2 years [3] . In 2013, the WHO consolidated guidelines recommended that ART should be started in all children in low and middle-income countries under 5 years of age [4] .
However, ART is a life-long therapy and children starting ART in early life will need to continue receiving treatment into adulthood. The efficacy of first-line ART has been reported in an earlier meta-analysis, in which the pooled estimate for viral suppression was 70% by 12 months [5] . Despite this relative success, children are failing treatment and needing second-line regimens [6, 7] . Paediatric treatment options are limited for many reasons, including the limited drug approval for children, lack of affordable paediatric formulations and lack of appropriate fixed-dose combination formulations [8] , often resulting in children remaining on first-line ART, despite failure [9] .
Data on the durability of first-line ART are limited and reasons for switching ART regimen are not always documented. In this context of limited treatment options, it is important to understand the reasons for switching to second-line treatment and to document the switch to second-line ART in children in failure. The main objective of this study was first to describe the reasons for switching to second-line ART within 24 months post-ART initiation in a large paediatric cohort in West Africa, pWADA. Second, among those in ART-failure, we described the time to and predictors for switching to second-line ART.
Materials and methods

Study population and design
The IeDEA paediatric (pWADA) West African Database to evaluate AIDS is aimed to address evolving research questions in the field of HIV/AIDS care and treatment using data from multicentric HIV/AIDS adult and child cohorts in West Africa [10, 11] . This collaboration, initiated in July 2006, currently involves 11 paediatric HIV/AIDS clinics across seven West African countries. HIV-infected children are typically seen in these clinics at least every 3 months. For this study, five countries contributed: Burkina Faso, Côte d'Ivoire, Ghana, Mali and Senegal. All children aged 15 years or less, initiating ART (at least three drugs) were included in the study. ART initiation was based on the international guidelines at that time [3, 12] . Patient data were collected retrospectively using a standardized data collection instrument. The following data were recorded: date of birth, sex, weight, height, WHO clinical staging, CD4 þ cell counts, date of ART initiation, ART regimen, date and reason of ART switch and date of treatment failure.
Switching to second-line ART was defined as any switch from three nucleoside reverse transcriptase inhibitors (NRTIs) to two NRTIs and one protease inhibitor or two NRTIs and one nonnucleoside reverse transcriptase inhibitor (NNRTI) or from two NRTIs and one protease inhibitor to two NRTIs and one NNRTI or three NRTIs or from two NRTIs and one NNRTI to three NRTIs or two NRTIs and one protease inhibitor.
Treatment failure was clinical, immunological or both: clinical failure was defined as the appearance or reappearance of a WHO clinical stage 3 or 4 event after at least 24 weeks on ART in a treatment-adherent child (or the appearance or reappearance of CDC clinical stage 3 if WHO clinical stage was unknown). Immunological failure was defined as reaching or returning to a CD4 þ percentage below less than 20% in children aged less than 12-35 months and CD4 þ percentage less than 15% in children aged 36-59 months, or reaching or returning to a CD4 þ cell count below 100 cells/ml for observant children aged more than 5 years, after the first 24 weeks of therapy. Date of treatment failure was considered as the date of visit (or CD4 þ measurement if immunological failure). Severe anaemia was defined as haemoglobin concentration of less than 7 g/dl at ART initiation. Children with severe anaemia who had switched to second-line with no other documented reason were considered to have switched because of toxicity.
Children were followed-up from ART initiation until date of first-switch or censorship. Follow-up was censored at the earliest of the following: last clinical contact or transfer out or death. A patient was lost to follow-up if he was not known to have died or to be transferred out and he had at least 6 months of additional potential follow-up between his last visit registered in the database and the closing date of the database.
Statistical analysis
Baseline characteristics were described according to switching to second-line treatment or not, and whether the switch was linked to the withdrawal of nelfinavir (NFV). Indeed, during 2007, this commonly used protease inhibitor was taken off the market and many children switched to an NNRTI-based ART regimen as a consequence. Continuous variables were compared using the Wilcoxon rank-sum test, and comparisons between two categorical variables were performed using the chisquare test and Fisher's exact test where appropriate.
In the following analyses, we excluded all switches linked to the withdrawal of NFV. Factors associated with different reasons for switching to second-line treatment were explored in multinomial logistic regression; the reference reason was no switch at all. Among children failing treatment, time to switch and associated factors were investigated using competing risk survival analyses. Children failing treatment are more likely to die before having the opportunity to initiate second-line ART. We used cumulative incidence functions to estimate both the probability for death and switch in these children. To identify associated factors with each of the outcomes (switch and death), we ran a multivariate competing risks analysis, performed by the Fine and Gray proportional subdistribution hazard regression model.
Results
Baseline characteristics and follow-up
Baseline characteristics according to switch are described in Table 1 . Between June 2000 and December 2009, 2820 children initiated ART at a median age of 5 years [interquartile range (IQR) [2] [3] [4] [5] [6] [7] [8] [9] . Fifty-five percent were boys and the median CD4 þ percentage at ART initiation was 13% (IQR 7-19) and 4.4% with severe anaemia. The most frequently prescribed first-line regimen was two NRTIs and one NNRTI (70.9%). Overall after 24 months on ART, the rate of switch to second-line ART was 12%; this was reduced to 7% when excluding those who switch because of NFV withdrawal.
Children who initiated an NFV-based ART regimen were younger (median age: 3 years, IQR 2-6 years, P < 0.01) and sicker at ART initiation. Indeed, 50% of these children were severely immunodeficient for age at ART initiation, compared with 47% in those who switched for other reasons than NFV withdrawal and 29.6% in those who did not switch at all (P < 0.01). Within the first 24 months on ART, 179 (6.3%) children died, 16 (0.6%) were transferred out and 736 (26.1%) were lost to follow-up ( Table 2 ).
Switching to second-line antiretroviral therapy
Overall, 332 children switched to second-line ART within 24 months on ART at after a median time of 9 months (IQR 3 -17): 144 had initiated an NFV-based ART regimen of whom 142 (99%) switched to two NRTIs and one NNRTI following the withdrawal of the drug. The two remaining children switched to three NRTI-based ART.
Durability of first-line ART and time to second-line ART Desmonde et al. 1529 Table 1 . Baseline characteristics of antiretroviral therapy initiation and switch during the follow-up according to the withdrawal of nelfinavir, n U 2820. The 188 remaining children who switched to secondline ART for reasons other than NFV withdrawal switched after a median time on ARTof 7 months (IQR [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Eighty-four of these children (44%) were on two NRTIs and one NNRTI of whom 74 (88%) switched to protease inhibitor-based ART and 10 (12%) to three NRTIs. One hundred children (52%) had initiated protease inhibitor-based first-line ART other than NFV of whom 96% switched to two NRTIs and one NNRTI and 4% to three NRTIs. Four children were initially on three NRTIs, one switched to an NNRTI-based secondline ARTregimen and three to a protease inhibitor-based ART regimen.
According to the survey, of the 188 children who switched to second-line ART independently of the NFV withdrawal, 30 children (16%) switched because of firstline treatment failure. Other reasons for switching to second-line ART included toxicity (21%), lack of drug availability (20%), poor compliance (7%) and comorbidities (4%); the remaining 32% remained unspecified. Table 3 presents the reported causes of switch to secondline ART not linked to NFV withdrawal. Adjusted for immunodeficiency at ART initiation, year of ART initiation, type of facility and cost of first and second-line ART regimen borne by patient families, children who initiated a protease inhibitor-based first-line ART regimen or who were on three NRTIs were more likely to switch to second-line for comorbidity and toxicity than remaining on first-line ART than those on two NRTIs and one 1 NNRTI [odds ratio (OR) 4.82, 95% confidence interval (95% CI) 2.47-9.42]. These children were also 10 times more likely to switch because of lack of ART availability than remaining on first-line ART than those on two NRTIs and one NNRTI (OR 10.61, 95% CI 4.81-23.41). Switching to second-line ART because of treatment failure or poor compliance was not 1530 AIDS 2015, Vol 29 No 12 significantly associated with first-line ART regimen. However, children who initiated ART after 2007 were less likely to switch to second-line treatment following failure or poor compliance (versus staying on first-line ART) compared with those who initiated ART earlier (OR 0.20, 95% CI 0.04-0.95), adjusted for other variables. Children who were severely immunodeficient at ART initiation were more than twice as likely to switch to second line because of treatment failure/poor compliance or lack of ART availability rather than remaining on first-line ART than those who showed no signs of immunodeficiency (OR 2.51, 95% CI 1. 21-5.21 and OR 2.34, 95% CI 1. 13-4.82, respectively) .
We also observed associations with the type of facility and whether ART was free or only subsidized. Indeed, switching to second-line ART because of comorbidity (versus no switch) was more frequent in private facilities than public facilities (OR 2.36, 95% CI 1. 17-4.77 ). On the contrary, switching to second line in the case of lack of ART availability (versus no switch) was less likely in those private facilities compared with public facilities (OR 0.31, 95% CI 0.13-0.76) and was also less likely if the costs of second-line ARTwere only subsidized rather than being free (OR 0.13, 95% CI 0.04-0.39). Furthermore, children who switch to second-line ART (versus no switch) because of failure or poor compliance were less likely to switch if their families were paying part of first line ART compared with free roll-out (OR 0.08, 95% CI 0.01-0.66).
Time to and predictors to switch to second-line antiretroviral therapy after treatment failure Of the 2676 who initiated a first-line ART regimen that was not based on NFV, 322 (12%) were in treatment failure within the first 24 months of treatment according to our definitions. The median time to ART failure was 7 months (IQR 6-10).
Among the children in treatment failure, 205 (64%) had clinical failure alone, 96 (30%) had immunological failure alone and 21 (6%) had both clinical and immunological failure.
Twenty-one children (6%) switched to second-line ART after a median time of 21 weeks in failure. The probability of switching to second-line ART was low, with an estimated cumulative incidence of 7% (95% CI 4.4-10.7) by 96 weeks in failure. Twelve children died before switching to second-line ART, after a median time of 44 weeks. The overall cumulative mortality reached 4% (95% CI 2.1-7.2) by 96 weeks in failure (Fig. 1) . Associations between baseline characteristics and switching to second-line treatment or death are described in Table 4 . Switching to second-line ART was associated with older age [subdistribution hazard ratio (sHR) 1.21, 95% CI 1.09-1.33] and longer time on ART before failure (sHR 1.11, 95% CI 1.01-1. 22) . In this analysis, no factors were identified among age, sex, ART regimen, baseline clinical staging, type of failure and duration on ART until failure as being associated with the competing event, death.
Discussion
In this large collaboration of prospective cohorts of HIVinfected children initiating ART in West Africa, we make several important observations. First, 7% of the children were on second-line treatment regimen. Second, reasons for switch were rarely due to treatment failure, and many children were on second-line treatment because of ART availability issues and toxicity. Third, 12% of ART-treated HIV-infected children were failing first-line ART after a median time of 7 months; among these children, the probability for switching to second-line ART reached only 7% by 96 weeks. This was associated with older age and longer duration on ART.
The percentage of children on second-line ART in the IeDEA West Africa cohort was estimated at 7%, which is comparable to that of other cohort studies in resourcelimited settings. In a health clinic in KwaZulu Natal, South Africa, 9% of the active file had switched to second-line ART by a median time of 95 weeks of follow-up [13] . A cross-sectional survey conducted in Asia and Southern Africa reported a rate of switch to second-line treatment to reach 10 and 3%, respectively, using virological outcomes [9] . However, these switching rates remain low compared with the proportion of children failing first-line ART; viral suppression is estimated to reach 70% by 12 months on ART [5] .
Our study is one of the first to attempt to document reasons for switching to second-line ART. Unexpectedly, treatment failure represented only 16% of the switches. Main reasons included toxicity, stock-outs and adverse events. Seventeen percent of children switched to second-line ART because of toxicity and this was strongly associated with initiating protease inhibitorbased ART. This could be explained by the fact that as the withdrawal of NFV, there is only one protease inhibitor formulation available in combination for small children in resource-limited settings, lopinavir/ritonavir [14] . Despite the proven effectiveness of protease inhibitors [15] , they are problematic for many reasons, including toxicity, poor palatability and difficulties in dosages. Although we are unable to confirm that all toxicity was caused by this class of drugs, it is likely that to avoid inadequate dual therapy that would increase the risk of resistance, children are switched to a different regimen.
Poor adherence was also a frequent reason for switching to second-line ART. Both the difficulties in administrating medication in the form of unpalatable liquids or large tablets and the dependence on caregivers leads to poor adherence, which, if not addressed, results in treatment failure. However, before switching to secondline ART, healthcare workers must ensure that children are taking their medication properly and re-enforce educational therapy. In a context wherein few secondline options are available, it is essential to lead interventions to improve treatment adherence in children. The main cause of switch remained drug stock outs. In 20% of the cases, the documented cause of switch was unavailability of the drug in 2009. As more and more children are accessing ART, systems for pharmaceutical supply in many parts of Africa are overwhelmed [16] . A WHO survey in 2009 revealed that 36 (38%) out of 94 reporting countries had documented at least one stock out of antiretroviral drugs in health facilities [17] . The supply chain of paediatric regimens is particularly vulnerable to breakdown because of storage requirements. In a survey of decentralized HIV service provision in Malawi, Uganda and Zimbabwe, 24% of clinics 20-5.30] [1.79-6.57 ] [2.11-7.27] 0.0 experienced stockouts of paediatric ART, whereas only 7% experienced stock outs of adult ART [18] . These findings underline one of many operational difficulties in sustainable roll-out of paediatric ART.
The second main finding of this study is a 12% (N ¼ 322) treatment failure rate in children initiating first-line ART, according to WHO definitions [4] . Clinical failure was most common followed by immunological failure with only a small proportion having both. Among these children, 21 (0.8%) switched to second-line ART. However, according to the survey filled-in by the clinicians, 30 children switched because of treatment failure. This result implies that at least nine children were misclassified as failing ART. Furthermore, among the 21 children in treatment failure who switched to second-line ART, only less than 1% of those in clinical failure switched to second-line ART. These findings underline the difficulties and missed opportunities for identifying treatment failure in children in a context in which virological monitoring is not yet available. The WHO recommends viral load monitoring to measure treatment effectiveness and identify those in virological failure at the earliest convenience before the emergence of resistance; in the light of these results, it is crucial to improve both universal access to viral load monitoring and second-line regimens for children on ART in West Africa. Furthermore, the cumulative risk for mortality among children in failure reached 4% by 96 weeks. Children who are failing ART must be identified as early as possible. In the absence of virological testing, effective routine monitoring strategies must be identified to prevent clinical failure. This question has been investigated in the Anti-Retroviral Research for Watoto (ARROW) trial in Uganda and Zimbabwe, which showed that children can be safely monitored without the need for expensive routine laboratory tests [19] . However, this trial did raise concerns about using clinically driven monitoring without routine testing for effectiveness: children with low CD4 þ cell counts who should be switched to secondline ART will be missed (and then be at risk of getting very sick) or children with high CD4 þ cell counts will be switched unnecessarily. In the absence of laboratory monitoring, it is essential to identify more specific and sensitive indicators of first-line ART failure. Many studies have reported the predicted value of CD4 þ cell count on ART, but few have described weight gain, although this could be a sensitive indicator for treatment failure, as reported in the ARROW trial [19] . Monitoring height and weight is routinely performed in the follow-up of ART-treated children and Yotebieng et al. [20] have recently constructed age-specific normative curves developed for HIV-infected children. These could be used as a sustainable tool to identify those children at a higher risk of death. Further research is still needed in order to develop an improved clinical algorithm in the absence of viral load monitoring as in the West-African context.
We found that among children in failure, older children and those who had been on ART for a longer period of time were more likely to switch to second-line ART. Similarly, studies have shown this reluctance to switch a young child failing first-line ARTelsewhere [21] . Indeed, in the context of few second-line treatment options and no third-line therapy, it is reasonable to first re-enforce adherence and educational therapy before switching to second-line ART.
Children who had initiated first-line protease inhibitorbased ART (or three NRTIs) and who were failing were more likely to switch to second-line ART. This result has not been reported elsewhere. However, we hypothesize that because of the difficulties in administrating protease inhibitors and the higher pill burden discussed above, these failing children were probably nonadherent and this issue could be addressed by switching drug class. However, as the recently published results reporting the superiority of ritonavir-boosted lopinavir-based ART in HIV-infected children [15] , WHO recommendations include the use of protease inhibitors as first-line ART [4] .
In the light of our results, it is urgent to implement new interventions in order to improve adherence in children initiating first-line ART.
Weaknesses of our prospective study include first the retrospective documentation of reasons of ART switches of our data collection. These were collected in the context of routine busy clinics resulting in missing data for 35% of the switches. Furthermore, a high proportion of children are lost to follow-up (LTFU). In the context of paediatric HIV care in West Africa where very few children were transferred out to decentralized centres, there is reason to believe that LTFU is associated with disease progression and that a significant proportion of those children are actually in failure and/or deceased [22] . Consequently, the validity of our results could be adversely affected: first, the number of children in failure is underestimated, thus overestimating the probability of switching in case of failure; second, these LTFU children are censored in our model and therefore the risks of death are underestimated. But our outcomes provide conservative estimates of adverse outcomes.
Second, the size of the cohort resulted in a relatively large absolute number of failures; however, the number of switches was limited, which may impact on inference, as we lack statistical power. We advise caution in the interpretation of our results, as we have grouped together different reasons for switch. Third, the IeDEA clinics are urban and relatively well resourced compared with those outside of a research context, which may not be representative of all sites across West Africa. Finally, we were unable to document some potential determinants for failing first-line ART and switching to second-line ART, which are often discussed in the literature such as exposure to PMTCT or failure to thrive. Nevertheless, this study reflects well the clinical practice in the management and roll-out of ART in a context in which routine viral load monitoring is not available and is the first to document reasons for switching.
Conclusion
The rate of switch to second-line therapy in children living in West-African resource-limited settings appears to be low. Key challenges include identifying children who are failing first-line ART in a context in which virological monitoring is not available and improving the availability of adequate paediatric ART formulations and most importantly their continuous provision. Switch practices were most often observed in children who were not in failure, partly due to the lack of paediatric formulations. Switches after clinical or immunological failure were insufficient. A large proportion of children who switched to second-line ART appeared to be nonadherent. Hence, educational therapy and interventions to improve adherence are essential in which few treatment options are available. It is essential to regularly follow-up ART-treated children and advocate for both sustainable access to first-line and second-line regimens to provide adequate roll-out of paediatric ART.
